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for red-green color deficiency. 
Methods: 12 subjects (three females and nine males) with red-green defect, aged 14-88 years, were 
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subjects, (p= 0.694). There was a remarkable reduction in total error scores on ColorDx test with the red 
filter (p = 0.003). Total error score on FM 100-hue test significantly increased with the red filter (p = 
0.009). 
Conclusion: The results showed that tinted lenses has no significant impact on color vision defect 
subjects. The red filter improved color vision performance in three deutan subjects and shifted the defect 
from mild protan to mild deutan in one subject. 
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Abstract 
Purpose: Many different approaches have been used to improve the color perception in patients 
with color deficiency. Currently, filters and tinted contact lenses are the most widely-available method 
to enhance color perception. Filters have been shown to help patients to pass pseudoisochromatic color 
tests, to better perform their daily activities, and enable them to better enjoy nature and art as well.  
The aim of this study was to evaluate the efficacy of monocular Neuchroma tinted lenses in 
improving the color perception for those with color vision deficiency. The specific combination of tints 
was selected to mimic the neutral (black) point for protans and deutans to optimize contrast.  These 
were compared to neutral density filters as a control condition, and a red filter as the established 
compensatory treatment for red-green color deficiency. 
Methods: 12 subjects (three females and nine males) with red-green defect, aged 14-88 years, were 
involved in this study. Subjects were asked first to perform Farnsworth-Munsell 100 hue wearing no 
tint. Then, participants then performed the digitial ColorDx test four times, with different filters. We 
used R3+RW3+RD3, IR3, neutral density and red filters in front of the right eye for protans, and 
IR3+RW3+RD3, LV2+LV3, neutral density and red filters for deutans. Each filter was put inside a 
black mask to make their appearance appear as similar as possible. After that, participants performed 
Farnsworth-Munsell 100-hue test for a second time with filter that caused minimal errors on ColorDx 
test placed in front of their right eye.  
      Results: We found no statistical difference between neutral density and NeuChroma lens IR3 for 
protans, (p= 1.000). VL2+VL3 did not give a different result than ND (p= 0.339) for deutans. There 
was no statistical different between neutral density lens and IR3+RD3+RW3 NeuChroma lenses on 
ColorDx for all subjects, (p= 0.694). There was a remarkable reduction in total error scores on ColorDx 
test with the red filter (p = 0.003). Total error score on FM 100-hue test significantly increased with 
the red filter (p = 0.009).  
       Conclusion: The results showed that tinted lenses has no significant impact on color vision defect 
subjects. The red filter improved color vision performance in three deutan subjects and shifted the 
defect from mild protan to mild deutan in one subject.  
Key Words: color perception, color defects, color deficiency, filters  
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Introduction 
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Introduction 
The human eye has the ability to detect over two million colors because of its 
complicated design. The photoreceptors (cones) in the back of the eye enable us to see a 
wide range of wavelengths of the visible spectrum, from 380 nm to approximately 760 nm 
(Table 1). We only have one type of rod photoreceptor that works better in dim light 
(mesopic and scotopic conditions), and it plays no role in color vision. Cones, on the other 
hand, are responsible for photopic and color vision. There are three types of cones, and 
each one is sensitive to a specific wavelength on the visible spectrum. They are commonly 
referred to as L, M, and S cones. Any defect in one or more of these cone pathways causes 
difficulty perceiving colors appropriately. In order to understand the mechanism of color 
deficiency, we must begin with explaining the color vision theories.   
Color Vision Theories 
     1- Trichromatic Theory 
     How precisely can we perceive color? A variety of theories have emerged to clarify 
this, and one of the earlies theories is called trichromatic theory. The trichromatic theory 
(or Young-Helmholtz theory) proposed that the eye contains three different types of 
sensors (cones) with unique photopigments. These were later called cyanolabe, chlorolabe, 
and erythrolabe that detect short (blue), middle (green), and long (red) wavelengths, 
respectively as shown in Figure 1. All colors are created by a combination of the three 
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primary hues and color vision depends on the responses of the three cones,  (Purves D, 
2001).  
 
Table 1: The visible light spectrum. Note that red wavelengths beyond about 760 nm will 
need to be extraordinarily bright to be seen, as they are in the near infrared. Source: 
ThoughCo.  
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Figure 1: The absorption spectra of the three cones. Source: Schwartz, 2017 (Figure 
5-7, page 91) 
 
1.2 - The Opponent Color Theory (Hering) 
     The opponent color theory explains the relationship between the cones and the ganglion 
cells. It proposed that the human eye has three pairs of sensors: blue-yellow, red-green, and 
black-white, (Figure 2). In single color-opponency, the ganglion cells that are excited primarily 
by red are going to be inhibited primarily by green light, and vice versa. Likewise, there are 
color-opponent ganglion cells that are excited primarily by blue or yellow, and luminance-
opponent ganglion cells that respond to black or white. The two colors opponents cannot be 
activated at the same time. This explains why we don’t experience a reddish green or bluish 
yellow, (Schwartz, 2017). This theory helps us to explain how we can see yellow though we 
don’t have fourth cone. Perceiving red occurs when the light predominantly excites the L-cones. 
Perceiving green occurs when the light excites mostly the M-cones. We experience blue when 
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the light excites a majority of S-cones. Yellow can be seen when both L- and M-cones are highly 
excited, and S cones are inhibited.  
 
Figure 2: The red-green, blue-yellow, and black-white channels. 
 
     2- Color Vision Deficiencies  
     According to Iristech website, about 7% of men and 0.4% of women are color blind 
(red-green) in western Europe and North America. The prevalence of color blindness by 
ethnicity is 5.6% Caucasian, 3.1% Asian, and 2.6% Hispanic.  It is divided into 1% 
deuteranopes, 0.5% protanopes, 0.5% protanomalous and 5% deuteranomalous. 
Congenital blue-yellow defect is very rare among both men and women, making most 
tritan cases acquired. It is quite difficult to know the exact percentage of acquired color 
vision deficiency, but it is more common in elderly people.  (Color Blindness 
Prevalence, 2018). The congenital red-green color deficiency is on the 23rd chromosome, 
and it is an X-linked recessive condition. As result, it mainly affects men. In contrast, 
blue-yellow defect is autosomal dominant, and it is located on chromosome 7. 
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     2.1- Anomalous Trichromacy 
     People with anomalous trichromacy have all the three photopigments but one is 
relatively deficient causing the peak of the light absorption spectra to shifted away from 
its normal position.  Deuteranomaly is the most common type of color deficiency. It 
occurs when there is deficiency of the M cone pigment (chlorolabe), thus shifting the 
photopic peak toward that of the L cone, which in turn reduces its sensitivity to the 
middle wavelength, (figure 3). In the condition of protanomaly, a deficiency of L-cone 
pigment (erythrolabe) causes the photopic peak to be displaced toward the middle 
wavelengths (figure 4), (Schwartz, 2017).  
People with red-green deficiency usually face difficulty in discriminating between 
certain shades of reds, greens, browns, blues, and purples. The severity of anomalous 
trichromacy increases when the deficiency of the cone photopigment increases. When 
the S cone photopigment is deficient, an individual’s ability to distinguish between blue 
and green as well as between yellow and violet reduces significantly. This is known as 
tritanomaly. It is extremely rare congenitally, and most of the time it is acquired.  
  
 
    2.2- Dichromacy  
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     Dichromacy is more severe and less common than anomalous trichromacy. It 
results from missing one of the three cones photopigments. For example, individuals 
with deuteranopia are totally missing chlorolable photopigment. Similarly, protanopes 
and tritanopes do not have L- and S-cone photopigments, respectively. The replacement 
model of dichromacy proposes that the missing L- or M-cone pigment is compensated by 
the remaining pigment. For instance, in the cones of a deuteranope, chlorolabe is 
replaced by erythrolabe: in a protanope, erythrolabe is replaced by chlorolabe, (Wake, 
1976).  
     2.3- Acquired Color Vision Deficiency 
     In contrast to inherited color deficiency, acquired color deficiency is usually 
noticed by the patients. Many ocular and systemic diseases lead to color blindness such 
as glaucoma, macular degeneration, multiple sclerosis, and diabetes, (Adams AJ, 1987). 
It can also be a side effect of some medications.  The absorption of the short wavelength 
by the yellowing or discoloration of the crystalline lens reduces the individual’s ability to 
discriminate blue hues, (Paramei, 2013). According to Köllner’s rule, acquired red-green 
defects occur most commonly from optic nerve pathologies, while blue-yellow defects 
occur most commonly with media opacity and outer retinal dysfunctions, (Schneck ME, 
1997).  
 1 
 
Figure 3: The dashed curve shows the displacement of the M cone spectrum and 
the green solid curve shows the normal position. Source: Schwartz, 2017 (Figure 6-
1, page 117) 
 
Figure 4: The dashed curve shows the displacement of the L cone spectrum and the 
red solid curve shows the normal position. Source: Schwartz, 2017 (Figure 6-1, page 
117) 
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     3- Treatments Used for Colorblindness 
     In the condition of acquired color deficiency, treating the cause can diminish the 
problem. Unfortunately, there is no known cure for congenital color deficiency, though 
many studies revealed that a red filter or tinted contact lenses could compensate for the 
condition. A red filter or the red contact lens works by manipulating the monocular color 
brightness to make it possible to appreciate certain color shades. Zaltzer invented X-
Chrom (red RGP contact lenses) that are worn over one eye.  Several studies were done 
on X-Chrom to examine its effectiveness, and it was found that it was a helpful tool for 
red-green defects. When this monocular filter is used, it decreases error scores on red-
green pseudoisochromatic tests remarkably (Barry S, 1984).  
Other colors of monocular tint have been studied to compensate for red-green color 
deficiency. A study was published in 1984 about a different tint (called JLS) to help 
patients with color vision problems. This study included a blue-green lens that was 
thought to have same effect as X-Chroma. 24 subjects (13 protans and 11 deutan) were 
included. Subjects were asked to wear a blue-green (aqua) soft contact lens over one eye. 
They performed three different color tests, Ishihara, Ishikawa pseudoisochromatic, and 
Farnsworth D-15. The results showed a remarkable improvement in color vision of 17 
subjects, while 7 subjects did not show any improvement with JLS. They concluded that 
JLS might improve the color perception of more than half of the colorblind population, 
(Schlanger, 1984).  
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Enchroma glasses are the newest technology available for color deficiency. They 
come with different densities of what appears to be a bluish-gray tint. The inventors of 
Enchroma claim that their glasses enable the colorblind patients to pass the color vision 
test by notch filtering: absorbing the wavelengths prone to confusion, and transmitting 
other wavelengths. Few studies exist of their effectiveness. One study done on 10 
subjects with red-green defect in 2017, by Almutairi to evaluate the Enchroma glasses 
found that there was no difference between the Enchroma glasses and the placebo except 
for two subjects.  
4- CIE Chromaticity Diagram 
     The CIE diagram is a color matching system that shows all the real colors 
resulting from matching the imaginary primaries. It was created by the international 
commission on illumination in 1931. It explains the link between the wavelengths and 
the perceiving colors by the trichromacy system. It is designed to show all the possible 
colors that result by the primary color mixture. The diagram borders represent the 
maximally-saturated monochromatic colors (pure), red, green, and blue. Each line that 
connects two points on the border shows all the potential colors that will result from 
mixing those two colors, (Figure 5). If three points were connected instead of two, we 
will get a triangle (gamut) shape results which contains all the possible colors that can be 
interpreted by the brain. In the middle of the diagram, a white color is produced by 
mixing complementary colors, (Bigun, 2006). 
 1 
 
Figure 5: CIE Chromaticity diagram, Bigun, 2006 (Figure 2-4, page 29) 
 
     4.1- Color Confusion Lines  
     A chromaticity diagram is a strong tool that can be used to understand more about 
color deficiency. Figure 6 shows the confusion lines for A- deuteranopia, B- protanopia, 
and C- tritanopia. Our trichromacy system gives us the ability to distinguish between the 
different hues of reds and greens, as well as between blues and yellows. This is not the 
case for people with anomalous trichromacy or dichromacy. Any colors lying along the 
straight lines cannot be appreciated by them, (Claudio Oleari, 1995). From figure 5-A, 
all colors connected by the line look the same for deuteranopes. One can see that the 
lines converge and intersect at the neutral point, where the color looks very dark for 
patients with that type of deficiency.  This copunctal or black point for deuteranopes falls 
in the extra-spectral purple region of the CIE Diagram. Protanopes have almost the same 
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confusion colors as deuteranopes, except that the confusion lines intersect inside the 
visible color range at the red. On the other hand, the color confusion lines for tritanopes 
converge at the violet end of the spectrum, (Atsushi Yamashita, 1992). Our aim is to 
make those copunctal or black points have the most contrast by using a combination of 
red lenses from NeuChroma set for protans, purple for deutans, and violet for tritans.  
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Figure 6: Shows color confusion lines for A deuteranopia, B protanopia, C 
tritanopia. Source: Schwartz, 2017 (Figure 6-5, pages 121-122) 
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Materials and Methods 
METHODOLOGY 
 1 
The study was conducted at Pacific University College of Optometry in the Visual 
Performance Institute (Scott Hall). It was approved by Institutional Review Board of 
Pacific University in Forest Grove. All the subjects agreed to participate after giving 
informed consent. 
Participants 
14 subjects (3 females and 11 males) with congenital (red-green) color vision defects 
participated, (Table 2). We tried to include blue-yellow defects in our study but 
unfortunately we could not because, congenital tritan defect is very rare and participants 
with acquired defects may have met other exclusion criteria. Subjects had to be 12 years 
of age or older. Near and distance visual acuity for all subjects was 20/30 or better. Prior 
to the study, subjects participated in visual acuity testing and offered case histories to make 
sure that they met the criteria. Also, before running the study, their color vision was 
evaluated using HRR plates (Figure 7) to classify the different forms and severity of color 
vision deficiency. Any subjects with anterior segment diseases such as cataract or media 
opacity had to be excluded from the study. Two subjects were excluded because they did 
not complete the study.  
Study design 
This was a randomized cross-over study. We used Latin Square technique to 
randomize the order of NeuChroma filters for each subject. 
Materials 
 1 
        We used the HRR test to classify different forms of color vision deficiency. The first 
four plates were used to explain the test for the subjects. The test is designed to minimize 
any chance for the patients to memorize the plates. The next six screening plates present 
the confusion colors for protan, deutan, and tritan defects. The remaining 14 plates reveal 
the type and severity (mild, medium or strong) of the defects, (Barry L Cole, 2006). The 
HRR plates were held 40 cm from the subject. The test was conducted under binocular 
viewing conditions. Each subject was asked to identify the shape and the location of the 
symbols on the plates. The test was done under controlled lighting conditions using a 
daylight illuminator lamp, (6280 K, Good Lite).   
Farnsworth-Munsell 100-Hue cap test  
This test contains four sets of caps for a total of 85. The subjects with red-green 
defects were asked to arrange the colored caps in sequential order based on the first cap 
hue.  
NeuChroma filters 
The NeuChroma filter set comes with different colors and densities. Masked IR3 was 
used for protans. Masked RW3+IR3+RD3 (a combination of reds) were used for both 
protans and deutans, (Figure 8). LV2+LV3 (violet) were used for deutans. The 
combination of reds from NeuChroma set were chosen according to the light 
transmission through it. We used SpectraScan, PR 670, and the light transmission 
measurement was promising. We found that the three filters together (IR3+RD3+RW3) 
significantly reduced the light transmission and changed the peak transmittance from 390 
to 540 nm, (Figure 9). There are many apps that can be used to experience how it looks 
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like to be color deficient. We used the chromatic vision simulator 2.2 iPhone app to 
simulate the red-green deficiency (protan and deutan) on ColorDx and we used the 
combination of reds to see if that would make any improvement. We noticed that the 
three filters increased the variation on the ColorDx plates. That encouraged us to try 
them with red-green deficient subjects. Beside the Neuchroma filters, red and neutral 
density filters were used. Because NeuChroma filters have a different shape than red and 
neutral density filters, we made black square masks with an aperture at the top edge to 
hide the difference in shape, (Figure 10). 
ColorDx Test on (iPad) 
ColorDx software contains multiple pseudoisochromatic test strategies for adults, 
seniors, and children. It has five sections: general, tritan, protan, deutan, and D-15 (Figure 
11). In this test, each plate is shown for two seconds for adults, ten seconds for seniors and 
twenty seconds for children. Subject must select the answers from the numbers next to the 
target or choose “n” if there are no hidden numbers. Each test shows the plates in random 
order. 
Farnsworth-Mansell 100 Hue Scoring Software 
We used FM-100 hue scoring tool from X-rite Pantone to analyze and graph subject’s 
results. 
Procedures:  
All eligible subjects were given a consent form to sign prior to the study. After 
assessing their color vision by HRR pseudoisochromatic plates, participants were divided 
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into two groups, protan and deutan. Both groups were first asked to perform the 
Farnsworth-Munsell 100 hue test. In this test, they had to re-arrange the order of the 
magnetic caps according to the fixed cap in each sealed tray continuing with the adjacent 
matched color. Then, participants performed the ColorDx test on a backlit iPad tablet in a 
dim room. They were asked to identify colored numbers on a different colored background 
while they were holding R3+RW3+RD3, IR3, neutral density and red filters in front of 
their right eyes for protans, and IR3+RW3+RD3, LV2+LV3, neutral density and red filters 
for deutans. Each filter was put inside a black mask with a hole at the top edge. Subjects 
performed the ColorDx test four times, each time with a different filter in front of the right 
eye. They were instructed to keep both eyes open during the test. After that, participants 
performed the Farnsworth-Munsell 100-hue test for a second time with a filter that caused 
minimal errors on ColorDx test placed in front of their right eye.  
Data Analysis 
 SPSS version (IBM, version 25.0) software was used to analyze the data. We ran 
nonparametric test (2 related sample) to compare between the error rates on colordx test 
with ND, red and NeuChroma filters. Also, a paired t-test was used to test the difference 
in total error scores between red filter and unfiltered eye on FM-100 hue test.  
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            Figure 7: HRR plates                       Figure 8: NeuChroma (IR3RD3RW3)  
 
Figure 9: The light transmission through the combination of (IR3+RD3+RW3) 
using SpectraScan, PR 670 
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              Figure 10: Masks                                                  Figure 11: ColorDx 
 
Table 2: Participants color deficiency type and their ages. 
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Results 
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Results 
     Twelve participants with color deficiency were included. Their ages ranged from 14 
to 88 years. HRR pseudoisochromatic plates showed that there were 8 deutans, (3 severe, 
4 moderate, and 1 mild) and 3 protans, (2 severe and 1 mild). One participant had 
unidentified red-green deficiency. We ran 2 related sample test to compare the mean 
difference of error scores on ColorDx between the filters. The subject’s performance on 
ColorDx did not improved significantly with NeuChroma filters. There was no 
significant difference in the mean difference of error scores between neutral density filter 
(control) and violet filters for deutans, (mean 52.50 ± SD 7.40, 53.67 ± 2.64, p= 0.339 
respectively). The combination of reds from NeuChroma (IR3+RW3+RD3) did not give 
a different result than neutral density for all participants, (mean 51.58 ± SD 6.05, p= 
0.694. The difference between neutral density and IR3 (infrared) was not significant for 
protans, (mean 45.33 ± SD 11.50, p= 1.000). IR3 decreased the total error score in 1 
subject out of 3. In contrast, the red filter reduced the subjects’ error rates on ColorDx 
significantly compared to neutral density filter, (mean 37.25 ± SD 9.18, p= 0.003). Both 
Protan and deutans’ error scores with red, IR3+RW3+RD3, VL2+VL3, IR3 and ND are 
shown in table 3 and table 4 respectively. In figure 12, the box plot shows the median of 
the error rates on ColorDx with red, ND, IR3+RW3+RD3, VL2+VL3 and IR3 for all 
participants.  Subject 11 got the highest error score with red filter as shown in the box 
plot. 
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Table 3: Protans' performance on ColorDx with ND, red, the combination of 
reds and IR3 filters. The numbers represent the number of error plates for the red-
green color vision plates. The total number of plates were 64  
 
Table 4: Deutans' performance on ColorDx with ND, red, the combination of 
reds and VL2+VL3 filters. The numbers represent the number of error plates for 
the red-green color vision plates. The total number of plates were 64  
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Figure 12: Box plot represents the median of the error rates on ColorDx with red, 
ND, IR3+RW3+RD3, VL2+VL3 and IR3 
 
When protans and deutans preformed the FM-100 hue test with red filter placed in front 
of their right eye, the total error scores (TES) increased significantly, (Table 5). Paired 
T-test was carried out to compare the total error score of protans and deutans on FM-100 
hue test with red filter, and without red filter, and the result showed that the difference 
was statistically significant (mean 260.9 ± SD 137.2, mean 159.4 ± SD 93.1, p= 0.001 
respectively). Figure 13 showed the TES on FM-100 hue test with unfiltered eye and 
with red filter.  
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Table 5: Total error score on FM 100-hue test without filters and with a red filter 
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Figure 13: Total error score on FM 100-hue test without filter and with red filter. 
The error bars show the 84% confidence interval  
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     In previous studies, the red filter found to be a useful tool to improve the color 
perception for red-green deficiency. It works by absorbing all the wavelengths except the 
long wavelength (red). It increases the contrast by making the red color appear brighter 
than the other colors for red-green deficiency, and works especially well for deutans. The 
combination of reds reduced the error rates on ColorDx by one to two plates for both 
protans and deutans, but there was no change in the subject’s diagnosis. Two deutan 
subjects preferred the combination over the other filters when they were asked to identify 
which filter made it easier to see the numbers. They reported the combination of reds 
helped them to appreciate the numbers more easily compared to the ND, violet and red 
filters, although they did not score differently with it on ColorDx. Since the black point 
of the deutan on the CIE diagram is in the purple area, we gave the deutans similar violet 
filters (LV2+LV3) from NeuChroma set to see if that would help to make the purple 
objects more discriminative. The violet failed to minimize the error rates for all deutans. 
Four deutans (1 severe, 2 moderate and 1 mild) scored worse with violet by 1 to 3 plates 
compared to their score with ND. One moderate deutan became a severe deutan with 
violet filters. Adding a red to a blue filter to create a true exta-spectral purple would be 
worth investigating, as it is closer to the deutan copunctal (black) point on the CIE 
diagram. 
 
     In 2012, a study was done using two types of red monocular contact lenses. Type one 
had lighter red than type two.  They found that all the congenital red-green deficient (17 
subjects) failed the Ishihara test when no lens was worn over the non-dominant eye. All 
 1 
subjects passed the Ishihara test when they wore the type one and two red contact lenses 
except 2 subjects that did not pass, (Mutalib HA, 2012). Another study was published in 
1984 about the effective of X-Chrom (red monocular contact lens) in improving the 
color perception for red-green deficiency. They found a significant improvement of the 
subject’s performance (16 subjects) on AO pseudoisochromatic plates with an X-Chrom 
lens compared to their performance without the red lens, (Barry S, 1984). Similarly, we 
found that the red filter significantly reduced the error rates on ColorDx, although 
deutans still did not pass the test. The diagnosis of three deutans improved from severe 
to moderate deutan (with a mild tritan defect), while the diagnosis of five deutans (1 
mild deutan and 4 moderate deutans) remained the same. The mean error for all deutans 
decreased significantly with the red filter. Two protans (1 mild and 1 severe) had fewer 
errors with the red filter, but their diagnoses remained unchanged. One mild protan was 
shifted to mild deutan with the red filter. The unidentified red-green deficient participant 
was given both the violet for deutan and IR3 for protan beside the ND, red, and the 
combination of IR3+RD3+RW3. His diagnosis with the ND filter was severe deutan, and 
he was improved to moderate deutan with the red filter.  The error scores remained the 
same with the violet filters.  
     All participants performed FM-100 hue test twice, once with the red filter and 
once without the red filter. Farnsworth-Mansell 100 Hue scoring software spreadsheet 
from the manufacturer (X-Rite) was used to analyze and graph their results. Both protans 
and deutans scored worse when the red filter was placed in front of their right eye. We 
noticed that the angle of the confusion axis was slightly shifted from the protan axis to 
the deutan axis in one protan, (Figure 14). In contrast, the amplitude of the confusion 
 1 
spikes for deutans expanded in the same axis with the red filter (Figure 15). Same 
finding was reported by Barry (Barry S, 1984). X-Chrom increased the TES on FM-100 
hue test. Also, they reported some alteration in the confusion axis from protan axis to 
deutan axis. Participants were asked if they have been diagnosed with ocular diseases 
such as cataract or media opacity. Also, they were asked if they were taking any 
medications that may alert their color vision. No participant was excluded because of 
anterior segment diseases in this study. It would be possible to include subjects with 
acquired tritan if we got a chance to screen the color vision of diabetic patients.  
 In conclusion, NeuChroma filters (violet, combination of reds and IR3) did not help 
the colorblind subjects to reduce the error rates on ColorDx. The red filter is still the 
number one tool in improving the colorblind performance on color vision tests by 
increasing the contrast that would allow the color deficient to see some variation on the 
plates. It minimized the error rates on ColorDx. However, the red filter failed to reduce 
the TES on Farnsworth-Munsell 100-Hue test. Unfortunately, we did not get a chance to 
test the blue filter with tritans because no tritan subjects participated in our study.  
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Figure 14: The angle of the confusion axis for protanomalous subject: A- Without 
the red filter, B- With the red filter 
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Figure 15: The angle of the confusion axis for deuteranomalous subject: A- without 
the red filter, B- With the red filter  
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